The aim of this study was to determine the existence of cosmic spherules in oceanic sediments. Two cores recovered from the Clarion-Clipperton fault zone (northeastern Pacific Basin) contain magnetic spherules of extraterrestrial origin. Their chemical compositions and morphological features show the degree of heterogeneity of cosmic material reaching the earth's surface. The diverse origins of spherules from the Pacific Ocean explains their diverse composition and does not allow for the classification of the material into a single group. In addition, the time interval over which sediments accumulated extends for an estimated period of approximately 200 000 years to the present. 
INTRODUCTION
The slow sedimentation rate of marine sediments is very important in identifying the longterm accumulation of extraterrestrial material on the earth's surface (Taylor & Brownlee 1991 , PeuckerEhrenbrink 1996 , Taylor et al. 1998 , Glass 2002 , Glass et al. 2004 ). Deep-sea sediments, which are composed of oceanic organic matter, the products of underwater and subaerial volcanism, and cosmic dust, require particular methods when searching for and collecting fine-grained extraterrestrial matter.
Two cores of deep ocean sediments were obtained from the Interoceanmetal Joint Organization for the purposes of investigating these particular methods. Cosmic dust was isolated from these cores. After the separation an exact description was prepared. The researched cores were collected in the area where the accumulation rate remains smaller than 3 mm 10 -3 yr (Jeong et al. 1994 , Jung et al. 1998 . Therefore, the discussed sediments should be recognized as a potentially rich source of cosmic spherules. In addition, the zone of occurrence of red oceanic clay, which is characteristic for the ClarionClipperton fault zone, is free of anthropogenic contamination. The M/S Challenger expedition documented the presence of extraterrestrial spherules for the first time in 1872-1876 in precisely these sediments. (Thomson & Murray 1911 , Hutchison 2004 , Crozier 1960 , Stankowski et al. 2006 .
Deep ocean sediments, which accumulate slowly and are located far from anthropogenic activity are very favourable for searching for natural fine-grained magnetic particles. Its appearance should be connected strictly with natural, extraterrestrial phenomena. Nevertheless, volcanic activity and its products must be considered a possible source of contamination at least for some of the magnetic grains.
STUDY AREA
The Clarion-Clipperton fault zone is a part of the northeastern Pacific Basin. The Clarion and Clipperton faults are classified as huge fracture zones of the Pacific bed. Those elements form the fundamental orographic and tectonic part of the bottom. The direction of the main faults is generally parallel with slight declination to the south (Fig. 1) .
The sampling site located between the mentioned faults is described as an abyssal plain. The sedimentation rate of clay fraction is crucial for the described area and varies from 2 to 3 mm 10 yr -3 . This value is determined by the common relations between the supply of the material, water depth, carbonate compensation depth, and silica compensation depth (Gleason et al. 2004 , Wardyński 2007 . Most of the northeastern Pacific abyssal plain is covered with soft sediments (Hannides & Smith 2003 , Duliu et al. 2009 ). The sediment cores which were used in the study represent typical deposits occurring in the Clarion-Clipperton zone (Fig. 2) .
MATERIALS AND METHODS

Field methods
In 2006 the Interoceanmetal Joint Organization arranged a scientific expedition to the sea bed in the eastern part of the Clarion-Clipperton zone. The aim was to collect cores with sediments characteristic of this part of the ocean. A multi-corer tool was used to retrieve samples. Two cores of deep ocean sediments, numbered MO-25 and MC-29, were obtained for the purposes of this study (Table 1) .
Laboratory methods
The two cores of marine sediments, 8 cm in diameter and 40, 42 cm long, were cut lengthwise. Then the cores were cut into 4 cm sections. The halves of both cores were used for mineralogical, granulation, and calcium carbonate content analysis. The remaining sections of the cores were washed on stainless steel sieves of <0.063 mm mesh size to remove the clay and mud fractions. Samples were then dried at 30°C.
A strong magnet was used to collect the fine magnetic particles from the dried samples, and these were then studied using a stereo microscope (Carl Zeiss Stemi DV4/DR). Colour, transparency, and glitter were recorded.
Fundamental Scanning Electron Microscopy (SEM) and energy dispersive spectrometer (EDS) studies of the particles were undertaken at the "Didactic Laboratory of Scanning Microscopy" at Adam Mickiewicz University, Faculty of Geographical and Geological Science, using carboncoated samples under a HITACHI S-3700N -High Technology microscope. The EDS analyses were carried out on the surfaces of the spherules.
RESULTS
Spherical objects, separated from the marine sediments, were characterised by a great diversity in terms of their external figure, character of the surface, and composition. The level of physical and chemical diversity is clearly illustrated in the table of the average chemical composition and on the SEM images of the studied spherules (Table 2, Fig. 3 ).
The stereo microscope image did not have a high enough resolution to show the details of the spherules. However, one could note that the spherules were almost regular in shape, opaque, and ranged in colour from dark gray to black. Scanning Electron Microscopy, however, showed the complicated character of the surface and the level of preservation.
For the purposes of this article, only a few of the most interesting grains will be discussed in detail. 1) Spherule of a regular spherical shape (Fig. 3 A-1 Table 2 Average chemical composition of studied spherules from the Clarion-Clipperton fault zone (Wt %). (Fig. 3 C-1 , C-2). Part of the surface is nearly smooth, covered with a small, shell-like pattern. Rectangular or polygonal plates form the surface in the central part. The arrangement of these plates is irregular. The transition from an almost flat surface is almost smooth. However, the surface further extends to an acute zone where the plates move from a chaotic arrangement to a more ordered expression. They form parallel rings, which build the spherule's shell. 4) Spherule is characterized by a surface that is structurally diverse (Fig. 3D-1, D-2 ). It is formed by irregularly developed crystals in which the composition is dominated by SiO2 -39.7% and MgO -37.8%. Other elements present include Fe2O3 -20.0% and Al2O3 -2.5%. There are distinct dendritic forms on the surface. These forms are composed of Fe2O3 -68.8%, SiO2 -21.5%, MgO -3.5%, Al2O3 -2.3%, and Cr2O3 -2.0%. 5) Regular grain with a damaged area (Fig. 3E) . A vast hole is visible in the spherule. The spherule is formed of aggregates composed of SiO2 -42.6%, Fe2O3 -41.9%, MgO -11.6%, Al2O3 -2.3%, MnO -1.1%, and CaO -0.6%. 6) Spherule in very poor condition (Fig. 3F) .
Damaged and split into three parts as a result of laboratory preparation. Within the damage, the internal structure is visible. The spherule is formed of aggregates of Fe2O3 -52.4%, SiO2 -32.1%, and MgO -15.5%. 7) Spherule with a less regular shape (Fig. 3G) . This spherule has a highly diverse rough surface. In the spotlight, one can see that visible aggregates are responsible for the varied texture of the surface. Composition of the aggregates: Fe2O3 -61.0%, SiO2 -29.3%, Al2O3 -4.2%, MgO -3.1%, CaO -1.4%, and Cr2O3 -0.6%. 8) Globular spherule with a damaged area (Fig. 3H) .
Within the mass of the spherule the "cirrus" form is visible. This very atypical figure is mainly composed of SiO2 -47.5%, Fe2O3 -28.6%, MgO -22.9%, CaO -0.3%, Cr2O3 -0.3%, and Al2O3 -0.1%. However, the main mass of the grain is built of: Fe2O3 -47.1%, SiO2 -35.9%, MgO -10.3%, ZnO -3.1%, Al2O3 -2.0%, P2O5 -0.5%, CaO -0.5%, and TiO2 -0.3%. If we follow the external form and the surface patterns of the spherules from the deep sea sediments of potential extraterrestrial origin, we can verify that the spherules from the deeper parts of the profile are in worse condition than the grains found closer to the surface. According to those spherules the specific regulation is visible. The more silica compounds the spherules contain, the better their condition is. This is probably a function of early diagenetic processes of the red clays during which the Mn and Fe compounds were dissolved (Glasby 2006) . Nevertheless, the level of preservation is also highly determined by the time the spherules have been in the sediment and their individual features, like chemical composition and solidity.
The studied cores are not a reliable source (because of their small volume) for statistical and stratigraphical analysis. Despite this limitation, it is discernible that both studied cores are characterised by different populations of the spherules (see Fig. 2 ). The lower parts of core MC-29 are rich with extraterrestrial dust. However, the abundance of spherules increases in the upper-most layers of core MO-25. Such a situation, in the two border cores, highly complicates understanding the intensity of the influx of extraterrestrial matter to the earth's surface. Nevertheless, it shows that the influx exists. What is more, it indicates how sophisticated the lateral concentration is. It is necessary to point out that the appearance of the cosmic spherules in the small volume of sediment (cores 8 cm in diameter) is strong evidence of the role of cosmic events in generating the deposits on the earth's surface.
DISCUSSION
The spherules and their concentrations in the superficial marine sediments show spatial distribution in time. That is why we can expect a stratigraphic, superpositional record of the influx of the extraterrestrial matter to the earth's surface.
Because of the location of the ClarionClipperton zone, the spherules found there should be perceived as extraterrestrial. The study area is isolated from potential sources of anthropogenic influences. It is unlikely that industrial pollution would be present at such a considerable distance from areas of emissions, and that it would penetrate the different stratigraphic levels.
Some spherules reach the earth's gravitational field as interplanetary dust. Others, perhaps even the majority, arise from ablation of the surface of a meteorite when it passes through the atmosphere (Raukas 2004 , Uścinowicz 2009 ). The chemical composition of these spherules come from the characteristics of the particular meteorite. Nevertheless, during the ablation process the reduction or even elimination of certain ingredients occurs. The diverse origins of the spherules from the Pacific Ocean provide them with diverse compositions and does not allow classification of the material within a single group. In addition, the time interval over which the accumulation of sediments occurred covers an estimated 200 000. Ongoing analysis of the magnetic material of the Pacific cannot exclude the possibility of contamination from volcanic ash due to either land or submarine eruptions. However, in the author's opinion, such eruptions have not influenced the analyzed material and, ultimately, this contribution must be described as minimal. Moreover, the morphology and composition of the volcanic grains significantly departs from the extraterrestrial ones. Volcanic dust is primarily irregular in shape and mostly transparent. It should be added that the composition of volcanic grains is dominated by silicon and aluminium, with very little iron (Catalogue of Cosmic Dust -NASA). These features allow for clear distinction between grains of extraterrestrial and volcanic origin.
In conclusion, the chemical properties of the spherules and their distribution in deposits with a slow rate of sedimentation allowed the authors to identify these spherules as extraterrestrial in origin.
CONCLUSIONS
This study of red oceanic clay allowed for the following statements and conclusions:
• Spherical objects extracted from the sediments of the Clarion-Clipperton zone are characterized by great diversity in terms of external form, the nature of their surfaces, and their compositions. It can be deduced that the spherules are undeniably of extraterrestrial origin, probably derived from both the constant influx of cosmic dust and violent cosmic events causing the generation of ablation spherules during meteoritic flight.
• Spherules from the layers of oceanic sediment more than 40 cm below the bottom surface are characterized by a worse state of preservation than the spherules from the superficial layers. Presumably this is related to the early processes of diagenesis of the red clays, during which the dissolution of Mn and Fe compounds occurs. Therefore, a longer dwell time in the environment results in worsened condition of the grains.
• The volume of analyzed samples of red oceanic clay and abundance of separated spherules were too small to attempt a reliable estimate of the intensity of the extraterrestrial material delivery. Spherules found in ocean sediments represent a continuous record of the influx of extraterrestrial matter and overlapping episodes of cosmic events. The extraterrestrial matter is derived from various celestial bodies of varying composition, hence their immense diversity.
